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ABSTRACT 

In this paper, a new method of steel mesh reinforced polyurethane concrete (SMPC) material 
for bridge reinforcement is proposed because of the peeling failure of the reinforced layer of steel 
mesh reinforced polymer mortar (SMPM) material. Using the excellent anti-corrosion and tensile 
properties of high-strength steel mesh, as well as the advantages of strong adhesion and fast curing 
speed of polyurethane concrete, the two materials are combined together. In order to verify the 
feasibility of this strengthening method, the mechanical properties of SMPC material are investigated 
by bending test of SMPC material sheet. The main factors affecting the tensile properties of the 
composites are analyzed by considering the test variables such as specimen width, specimen 
thickness, glue-powder ratio and curing time. Based on the simplified tension model of high strength 
steel wires and the stress-strain relationship between tension and compression of polyurethane 
concrete, the calculation method of flexural bearing capacity of composite materials is obtained. The 
test results show that the flexural strength of the composite can be improved by increasing the width 
of the specimen, and the deflection can be reduced by increasing the reinforcement ratio, while the 
influence of the glue-powder ratio on the deflection is small. 
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INTRODUCTION 

With the increase of bridge operation time and vehicle load, the structural diseases of bridge are 
increasing. For bridges with structural diseases, their bearing capacity and structural durability may 
not meet the requirements of the current code. There are big security risks, demolition and 
reconstruction is not economical and unreasonable. The existing old bridges are tested and 
evaluated, and reinforced and reformed according to the actual situation of the bridges [1-3]. This 
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can not only increase the life of the old bridge in service, but also save a lot of costs, bring huge 
economic benefits to the society, and reduce the occurrence of bridge accidents [4-6]. 

The steel mesh has the characteristics of light weight and high strength, and composite mortar 
is often used as the bonding and anchoring material. The composite mortar and steel mesh is used 
to strengthen the bridge structure. Xing [7] conducted an experimental study on the flexural 
performance of reinforced concrete beams reinforced by steel mesh reinforced polymer mortar 
(SMPM) material, and the results showed that the reinforcement of reinforced concrete beams by 
PM-SWM was an effective means of flexural reinforcement. Compared with the contrast beam, the 
bearing capacity and stiffness of the reinforced beam are significantly improved, and the calculation 
method of the flexural bearing capacity of the reinforced beam is proposed. Wang [8] conducted a 
test study on the shear resistance of reinforced concrete (RC) beams reinforced by high-strength 
steel mesh and polymer mortar. The damage mode, load-deflection curve, strength, stiffness and 
ductility of the beam are studied and analyzed. The mechanical properties of the reinforced beams 
are improved, and the shear resistance is increased by 38.47% ~ 71.37%. Finally, according to the 
specification, the prediction model of the shear capacity of the test beam is established. However, 
due to the poor tensile property and bonding property of the composite mortar, the SMPM 
reinforcement layer will be stripped and damaged, and the utilization rate of the steel stranding 
network will be reduced [9-13]. 

Polyurethane concrete (PC) material not only has fast setting speed and high early strength, but 
also shows the advantages of light weight, high strength and high toughness after curing. The 
material itself has good bonding strength and acid and alkali corrosion resistance [14-17]. 
Polyurethane concrete (PC) composite material is gradually applied in the field of bridge 
reinforcement. PC material is a new type of composite material with polyurethane as matrix and 
cement as reinforcement, which has the advantages of corrosion resistance, light weight and high 
strength. Zhang [18] conducted an experimental study on reinforced concrete T-beams reinforced 
by SMPC material. Factors such as the rate of wire mesh placement and the type of material the 
wire mesh is embedded in are considered. The test results show that SMPC reinforced beams exhibit 
greater yield load, ultimate load and stiffness than PM-SWM reinforced beams, and SMPC material 
reinforced beams can effectively inhibit crack propagation. Zhang [19] conducted a study on the 
flexural performance of reinforced concrete T-beams reinforced by SMPC material, and the test 
results showed that SMPC materials could significantly improve the flexural bearing capacity of the 
reinforced beams. Compared with the beams reinforced by PM-SWM, the beams reinforced by 
SMPC materials did not have peeling damage, and it can inhibit the generation and development of 
cracks. 

In order to further apply SMPC material to practical engineering, it is necessary to further study 
the flexural properties of the composites. The four-point flexural test of thin plate specimens is carried 
out, and the failure mode and characteristics of thin plate specimens under load are investigated. 
Based on the simplified tensile model of steel mesh and the PC stress-strain relationship, the 
calculation method of flexural bearing capacity of composites is obtained, which provides a basis for 
material design and engineering application of urethane cement-steel mesh composites. 

TESTING PROGRAM 

Specimen design and preparation  

The four-point bending test of SMPC material plate with length of 400 mm was carried out. The 
thickness of the thin-plate specimens is 25 mm. The wire mesh is welded by high-strength steel wire 
with a diameter of 1mm, and the square hole size of the wire mesh is 15 mm×15 mm.  

The variables considered in the four-point bending test are the thickness of the specimen and 
the ratio of polyurethane to cement powder. Specimen widths are 120 mm, 100 mm, 80 mm and 60 
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mm, respectively. The weight of rubber powder in polyurethane concrete is 0.5, 1.0 and 1.5, 
respectively. A total of 3 specimen sets and 12 specimen groups (3 specimens in each group) were 
designed and produced, with a total of 36 thin-plate specimens. The F-a specimen set consists of 4 
specimen groups, including F-a1, F-a2, F-a3 and F-a4. Each specimen group has a different width 
to explore the influence of specimen width on the bending properties of thin-plate specimens. The 
F-b set is similar to the F-a set, each containing four test sets, and only the PU cement mix ratio is 
changed to explore the influence of PU cement powder ratio on the bending properties of the 
composite. F-c sets were used as variables for 4 groups of steel mesh with different layers, and the 
influence of steel mesh reinforcement ratio on the bending performance of the sheet was 
investigated. Detailed design parameters of thin plate specimens are shown in Table 1. 

 
Tab. 1 - Design parameters of thin plate specimens 

Specimen 
set 

Specimen 
group 

Steel mesh 
layers 

PC mix 
ratio 

Specimen 
width/mm 

Longitudinal wire 
spacing/mm 

F-a 

F-a 1 4 0.5 120 45 

F-a 2 4 0.5 100 35 

F-a 3 4 0.5 80 25 

F-a 4 4 0.5 60 15 

F-b 

F-b 1 4 1.0 120 45 

F-b 2 4 1.0 100 35 

F-b 3 4 1.0 80 25 

F-b 4 4 1.0 60 15 

F-c 

F-c 1 4 1.5 120 45 

F-c 2 3 1.5 120 45 

F-c 3 2 1.5 120 45 

F-c 4 1 1.5 120 45 

 
The production process of thin plate specimen is shown in Figure 2. The specific production 

process is as follows: 

(1)  Make a wood template, and reserve holes in the board for passing through the steel mesh. 
(2)  Pass the steel strand through the hole reserved for the template, first through the longitudinal 
steel strand, and then through the horizontal steel strand, so that the vertical steel wires and the 
horizontal steel wires constitute the steel mesh. 
(3)   Anchor both ends of the steel mesh to the side of the template with a lock. 
(4)   Use a cross buckle to fix the wire mesh, and apply impermeable glue at the opening of the 
template extending out of the wire to prevent cement from flowing out. 
(5)   Cut excess steel wire with steel wire pliers. 
(6)   Prepare release agent with silica gel and talc powder, and brush release agent on the inner 
wall of the template to facilitate later release. 
(7)   Take appropriate amount of polyisocyanate and polyol into the beaker and put it in 150° 
oven for 30 minutes. Polyurethane concrete is prepared according to the mix ratio and fully stirred 
to pour polyurethane concrete. 
(8)   After the test piece was poured, the exposed cement surface is covered with plastic wrap. 
The formwork is removed 24 h later, and the test block was put into the standard curing room for 
curing. After the curing, the test piece is taken out of the standard curing room (temperature 20±2℃) 
for testing. 
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Experimental process  

The loading of the bending test is shown in Figure 1. Switch the universal testing machine from 
tension mode to pressure mode, and install the support and loading head on the testing machine. 
Three displacement meters are arranged longitudinally at the mid-span of the thin plate specimen 
and under the loading head to measure the vertical deformation of the specimen. The displacement 
meter is arranged at the straddle and loading points respectively. The thin plate specimen is placed 
on the support, the upper and lower surfaces of the specimen are cleaned with alcohol, and the 
compressive strain and tensile strain are measured on the upper and lower surfaces as auxiliary test 
results. The load is measured in real time by a pressure sensor above the loading head. The test 
load is controlled by displacement, and the loading rate is constant at 0.5 mm/min. The test load and 
displacement meter data can be displayed on the computer in real time. 

The test is carried out by four-point loading method. The distance between the two supports is 
300 mm, the distance between the loading point and the support is 100 mm, and the distance 
between the loading point and the loading point is 100 mm.  

After the test began, the traction loading head of the universal testing machine moved downward. 
When the loading head is in contact with the thin plate specimen, the load value and displacement 
value increase uniformly. As the test continued, the thin plate specimen gradually deformed, 
accompanied by the crisp fracture sound, a long crack appeared in the middle of the specimen, and 
the polyurethane cement was damaged. In the event of failure, the fracture of the steel strand and 
the cracking of the polyurethane cement occur almost simultaneously. At this time, the thin-plate 
specimen also reached the ultimate load and maximum deflection. 

 

Fig. 1 - Four-point bending test 

ANALYSIS OF FOUR POINT BENDING TEST RESULTS  

Based on the pressure sensor and displacement meter, the load-mid-span displacement 
curve of the thin plate shaped SMPC specimen under the F-a specimen set is obtained, as shown 
in Figure 2. F-a1, F-a2, F-a3 and F-a4 have different specimen widths. The F-a1 specimen group 
with the smallest width but the largest reinforcement ratio has the largest average ultimate load of 
13.85 kN. The F-a 4 specimen group with the largest width but the smallest reinforcement ratio has 
the smallest average ultimate load, which is 5.64 kN. With the increase of load, the mid-span 
displacement growth rate of F-a1 specimen group is significantly lower than that of the other three 
groups, which indicates that a higher width of specimen can significantly inhibit the expansion of mid-
span displacement, but the width of specimen has almost no effect on the displacement growth. 
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Fig. 2 - Load-displacement curve of F-a set Fig. 3 - Load-displacement curve of F-b set 
 
The load-displacement curve of the SMPC thin plate specimen of F-b specimen set is shown in 

Figure 3. Compared with the F-a set, the F-b set is made of polyurethane concrete with a rubber to 
powder ratio of 1. The F-b1 group with the largest width has the largest growth rate. The average 
limit load of group F-b1 can reach 9.72 kN, which is 29% larger than the 7.53 kN of group F-b4 
respectively. In terms of mid-span displacement, F-b4 group has a maximum average mid-span 
displacement of 12.99 mm, which is 42 % higher than that of F-b1 group, which is 9.60 mm. In 
general, the ultimate load and the maximum mid-span displacement of each group in F-b set are 
lower than those in F-a set with rubber powder ratio of 1.5. 

The load-displacement curve of the SMPC thin plate specimen of F-c specimen set is shown in 
Figure 4. F-c sets have steel mesh with different layers to explore the influence of reinforcement ratio 
on the bending properties of composites. In general, the ultimate load is positively correlated with 
the ratio of reinforcement, and the mid-span displacement is positively correlated with the ratio of 
reinforcement. According to the trend of the curve, the load-displacement curve of F-c1 group with 
the highest reinforcement ratio increases the fastest. When the ultimate load is reached, the average 
mid-span displacement of F-c1 group is 8.85 mm. F-c4 group has the slowest load growth among 
the four groups. When the load is 5.32 kN, the specimen breaks and fails. The F-c4 group with the 
smallest reinforcement ratio also has the largest mid-span displacement in this sample set, which is 
11.66 mm. 

  

Fig. 4 - Load-displacement curve of F-c set 
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ANALYSIS OF INFLUENCE FACTORS  

The width of the specimen significantly affects the maximum deflection and ultimate load of 
the SMPC specimen. F-a1, F-a2, F-a3 and F-a4 thin plate specimens have different widths, and the 
ultimate load values along the span direction of the specimens are shown in Figure 5. With the 
increase of the width of the specimen, the maximum deflection of the SMPC specimens also 
increases. The average maximum deflection of F-a4 specimen group is 15.85 mm, and the average 
maximum deflection is 1/20 of the span. The width of F-a1 specimen group is 120 mm, and the 
maximum bearing capacity is 13.85 kN. Compared with F-a2, F-a3 and F-a4 groups, the ultimate 
load of F-a1 is increased by 11%, 38% and 59%, respectively. This also shows that the increase of 
the width of the specimen increases the bending bearing capacity of the steel mesh reinforced 
polyurethane concrete (SMPC) material. 

  

Fig. 5 - The influence of specimen width on the 
bending performance of composite materials 

Fig. 6 - The influence of rubber powder ratio on 
the bending performance of composite 

materials 

The ratio of glue to powder has a significant effect on the ultimate load of polyurethane 
concrete-steel mesh specimen, but has little effect on the maximum deflection. The relationship 
between the ultimate loads of thin plate specimens with different glue-powder ratios is shown in 
Figure 6. The maximum deflection of thin plate does not change significantly with the difference of 
PC mix ratio. The maximum deflection of F-a1, F-b1 and F-c1 specimens is 10.07 mm, 9.60 mm and 
8.85 mm, respectively, with the maximum difference not exceeding 8%. The mix ratio of PC will affect 
the ultimate bending load. The F-a1 specimen with a glue-powder ratio of 1.5 is subjected to the 
maximum ultimate load, which is 30% and 42% higher than that of F-b1 specimen with a glue-powder 
ratio of 1.0 and F-c1 specimen with a glue-powder ratio of 0.5, respectively. 



 
  Article no. 8 

 
THE CIVIL ENGINEERING JOURNAL 1-2025 

----------------------------------------------------------------------------------------------------- 
 

  DOI 10.14311/CEJ.2025.01.0008               118 

 

Fig. 7 - The influence of reinforcement ratio on the bending performance of composite 
materials 

The reinforcement ratio can significantly affect the ultimate load and deflection of SMPC 
specimen. The relationship between reinforcement ratio of steel mesh and ultimate load at failure is 
shown in Figure 7. The ratio of reinforcement is negatively correlated with mid-span deflection. The 
average deflection of F-c1 specimen group with the largest reinforcement ratio is the smallest (8.85 
mm). The mid-span deflection increases gradually with the decrease of steel mesh layers. The 
average deflection of F-c4 specimen group with the smallest reinforcement ratio is the largest, which 
is 11.66 mm. The ratio of reinforcement is positively correlated with the ultimate load. The ultimate 
load of F-c1 group with the highest reinforcement ratio is 8.0 kN, 17% lower than that of F-c2 group 
with a slightly smaller reinforcement ratio of 9.69 kN, 13% and 40% higher than that of F-c3 group 
and F-c4 group, respectively. 

THEORETICAL ANALYSIS OF FOUR-POINT BENDING TEST  

Calculation model of flexural capacity 

(1)  Tension model of high-strength steel mesh 

The simplified stress-strain relationship of high-strength steel mesh is based on the double 
broken line model, as shown in Figure 8. The model simplifies the tension constitutive relation of 
steel strand into two stages. Its expression is shown in formula (1).  
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Fig. 8 - Simplified stress-strain relationship of tensile SM 
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                (1) 

Where E1 and E2 are the elastic modulus of the mesh in the first and second stages respectively. 
The elastic modulus varies according to the diameter of the steel mesh, as shown in Table 2. σSM,y 
is the tensile stress at the end of the first stage of the tensile process of the strand, and its value is 
about 80% of the ultimate tensile stress of the strand σSM,u. σSM,y is the tensile strain at the end of the 
first stage in the tensile process of the steel mesh, and its value is about 45% of the ultimate tensile 
strain σSM,u. 

Tab. 2 - Value of elastic modulus of F-c 

Steel mesh layers 
First stage elastic modulus 

E1 (GPa) 
Second stage elastic 
modulus E2 (GPa) 

1 135 32.0 

2 130 31.5 

3 108 22.5 

4 97 21.3 

(2)  PC tensile model 

The stress-strain simplified relationship of polyurethane concrete is shown in Figure 9. The 
constitutive relation of PC is simplified from quadratic function to linear relation. The simplified stress-
strain curve is shown in Figure 10. σPC,tu and εPC,tu are the ultimate tensile stress and ultimate tensile 
strain of polyurethane concrete, respectively. The expression is shown in formula (2). 
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(a) Tensile constitutive relationship of PC 
(b) Simplified tensile constitutive 

relationship of PC 

Fig. 9 - Stress-strain relationship of tensile PC 

                    PC,t PC,t PC,tE =                              (2) 

Where σPC,t and εPC,t are tensile stresses and strains of polyurethane concrete, respectively. EPC,t 
is the simplified tensile elastic modulus of polyurethane concrete, which is 4.5GPa. 

(3)  PC compression model 

The compressive constitutive relationship of PC is shown in Figure 11. The nonlinear 
compression model is adopted. The model is similar to the stress-strain relationship in ECC, which 
is divided into ascending and flattening sections. In order to facilitate calculation, the compression 
model is also simplified, and the quadratic function relationship in the ascending section is simplified 
to a linear relationship. The simplified expression is shown in formula (3). 

  

(a) Compressed constitutive relationship 
of PC 

(b) Simplified compressed constitutive 
relationship of PC 

Fig. 10 - Stress-strain relationship of compressed PC 
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Where: σPC,c is the compressive stress of polyurethane concrete, εPC,c1 is the compressive strain 
corresponding to the ultimate compressive strength of polyurethane concrete, εpc,c1 is the ultimate 
compressive strain at the top of the plate when the thin plate specimen is broken by bending, the 
ultimate compressive strain εPC,cu is 0.02.  

(4) Calculation formula of flexural bearing capacity 

In the calculation of flexural strength of SMPC material, the working condition of SMPC material 
in tension area is considered. The stress-strain distribution of the section of thin plate specimen is 
shown in Figure 11. h and b represent the height and width of the specimen respectively. h0 is the 
effective height of the section. as is the thickness of the protective layer of the steel mesh. x0 is the 
height of compressive zone of PC. σhsw,t and εhsw,t are the stress and strain of high-strength steel 
mesh. σPC,t and εPC,t are tensile stresses and ultimate tensile stresses of PC, respectively. εPC,c and 
εPC,u are compressive strain and ultimate compressive strain of PC respectively. σPC,cu is the ultimate 
compressive stress of polyurethane concrete. ψ is the tensile stress parameter of PC. 

 

Fig. 11 - Stress and strain distribution of SMPC material during bending 

According to the stress-strain distribution of the cross section of the composite material during 
bending, formula (4) is derived through the balance equation of force and bending moment: 

( ) ( ),tSM SM s 0 PC 0 0

1 1
M= x + - + 1

2 2
A h a b h x h x   

 
− − − 

 
                (4) 

Under the limit failure state of thin plate specimen, the strain and stress of high-strength steel 
mesh:                  

Where, b is the section width; h is the section height. For thin-plate specimens in this test, h is 
25mm. σSM is the stress of steel mesh. aSM is the height of the wire. For the thin plate specimen with 
the strand vertically centered, a SM is 12.5mm. aSM is the cross-sectional area of the longitudinal wire. 
The value is based on the diameter of the wire. 

CONCLUSIONS 

This paper presents a new material of steel mesh reinforced polyurethane concrete (SMPC). In 
order to verify the feasibility of this strengthening method, the mechanical properties of SMPC 
material are investigated by bending test of SMPC material sheet. The research conclusions are as 
follows: 
(1)   Increasing the width of thin plate specimens can improve the bending bearing capacity of 
steel mesh reinforced polyurethane concrete (SMPC) material. The width of the thin plate specimen 
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is 120 mm, and its maximum bearing capacity is 13.85 kN, and its ultimate load is 11%, 38% and 
59% higher than that of the F-a2 (100 mm), F-a3 (80 mm) and F-a4 (60 mm) specimens, respectively. 
Maximum deflection reduced by 37%.  
(2)   The ratio of glue to powder has a significant effect on the ultimate load of SMPC specimen, 
but has little effect on the maximum deflection. The glue-powder ratio of F-a1 specimen group is 1.5 
and the ultimate load is 13.85 kN, which is 42% and 73% higher than that of F-b1 specimen group 
with glue-powder ratio of 1.0 and F-c1 specimen group with glue-powder ratio of 0.5 respectively. 
(3)   The ultimate load of thin plate specimens increases with the increase of reinforcement ratio.  
The F-c1 specimen group exhibited the smallest mean deflection, only 8.85 mm, due to its highest 
reinforcement ratio. The ultimate load of F-c1 group with the highest reinforcement ratio reached 8.0 
kN, which was 5.8% higher than that of F-c2 group with a slightly lower reinforcement ratio of 7.56 
kN.  
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